This paper presents a recent survey on distilling zinc production at Huangjinzhen site dating to the 18th Century found in Luocheng County, northern Guangxi Zhuang Autonomous Region, Southern China. Fieldwork was conducted in northern Guangxi Region in spring 2005 and 2010. The historical site is distributed in an area of about 1.5 km 2 in the vicinity of the town of Huangjinzhen. More than 10 rectangular/Macaolu furnaces and several "bowl-shaped" furnaces and a large number of remains such as retorts, smelting slag, coal ashes, and a patch of zinc metal have been found at the site during investigations. And a lot of slag and broken fragments of retorts etc. were collected. Historical literary sources reveal that the Luocheng County started smelting zinc no later than the Qing dynasty. The typology of the rectangular furnaces indicates a shared tradition with zinc smelting finds in southwestern China.
Introduction
Zinc is very hard to produce from ore, though it was one of the important metals as a component of brass in the ancient world. Archaeological evidence showed that the earliest pieces of brass found in ancient China were discovered at the Jiangzhai site of the Yangshao culture I (4700-4000 BC), in Xi'an, Shaanxi province, northern China. A round thin piece was analysed and found to contain 25.6% zinc, while a tube contained 32% zinc 1) and that a long Ji (hairpin) with 27-32% zinc was found at a site of the late Yangshao culture can be traced back to around 3000 BC in Weinan, Shaanxi province 2) and that a brass awl with 20.2-26.4% zinc was found at the Shanlihe site of the Longshan culture (2300-1800 BC), in Jiaoxian, Shandong province. 3) These early brasses are considered as accidental products predating the intentional brass smelting. In ancient China, brass production can be divided into four stages: accidental brass, imported brass, cementation brass and speltering brass. But metallic zinc smelting technology began to be employed in the early 17th century at least, and metallic zinc came into large scale production during the late Ming dynasty (AD 1368-1644).
4)

Background to the Site
Luocheng County, is located in the north part of Guangxi Zhuang Autonomous Region, southern China. Luocheng County is also situated in eastern Yunnan-Guizhou Plateau, connecting the south part of Guizhou Province. Luocheng County is the only Mulaozu (ethnic minority) Autonomous County in China, but its present-day inhabitants of the County are more Zhuang people than Mulaozu people. Historical zinc smelting sites found in Luocheng County are distributed in an area of exceeding 20 km 2 throughout the County. Wuyang River, flowing to Zhujiang River, runs through the sites. All the zinc smelting sites were built next to coal mine.
Purpose
This research is to conduct fieldwork at the historical metallurgical sites in the Guangxi Region, southern China; and to reconstruct the history of the indigenous zinc production through the study of the historical remains of metallurgy; and to consider the wider geographical connections from the point of view of technological and cultural exchanges.
Fieldwork
With the assistance of Liang Fulin of the Hechi City Museum, Liang Xingquan of the Luocheng County Museum, fieldwork was conducted in Luocheng County in spring 2005 and 2010. The geographical coordinates of the investigations are between 108°29′E and 109°10′E, 24°38′N and 25°12′N.
Since 2005, we have been conducting fieldwork in Luocheng County, Hechi City of Guangxi Zhuang Autonomous Region. According to the materials from the Third National Survey of Cultural Relics of China in 2010, about 22 zinc smelting sites, are distributed in an area of exceeding 20 km 2 , dated to the 18th century, 5) have been found along the Wuyang River in Luocheng County. In the course © 2014 ISIJ of the fieldwork we identified 4 sites. The smelting sites included those at Huangjinzhen, Beiyue, Qindi, Qiaotou. All of the historical remains were situated on hills along the Wuyang River which was in the middle reaches of the Zhujiang River (Pearl River). Huangjinzhen site is selected as the key case to study, because the site is the biggest site, and the site is also the most preserved site we found during our investigations.
Huangjinzhen site is about 2 km away from the Huangjinzhen town (Fig. 1) . The central geographical coordinates of the site are 24°57′27N and 108°55′49E (GPS measured data). The remains of the site spread on three hills ( Fig. 2) of more than 100 m in altitude (Fig. 3) , and are distributed in an area of about 1.5 km 2 . A large number of retort fragments (Fig. 4) and slag heaps ( Fig. 5 ) have been found, as well as more than 10 rectangular/Macaolu furnaces and many big bowl-shaped furnaces, and a patch of half-disc-like metallic zinc (Fig. 6) etc. at the Huangjinzhen site during the investigations. And many retort fragments, slag and a patch of half-disc-like metallic zinc were collected from the site for analyzing.
The retort fragments at Huangjinzhen site share similar forms and consist of pots. The ceramic pots were identified as the main body of the retorts, which would contain the raw materials. But other parts of the retorts such as condensers, pockets and lids have not been found yet during the investigations. The remains of the pots are flat-bottomed jars, about 35 cm in height. Their flat bases are circular ranging furnaces used at the site (Fig. 7) . Those rectangular furnaces, morphologically resembling troughs, food containers for animal feed, are called Macaolu in Chinese. And all those rectangular furnaces are similar in construction. The four walls of the furnaces were apparently of tamped earth. The brick bars were built between each pair of air-hole bricks. A number of bricks were placed at regular intervals, about 15 cm by 60 cm, at the bottoms of the two long walls (Fig.  8) , so the space between them could serve as wind passages or air-holes (Fig. 9) . The remains of furnace sizes were in the range of from 10 to 30 m in length, and about 1 m in width and from 50 to 80 cm in height. One furnace almost intact we found at the highest hilltop of the site is 30 m in length, and about 1 m in width and 80 cm in height. We have also found the remains of 3 big bowl-shaped furnaces used (Fig. 10) at the site. The bowl-shaped furnaces are also similar in construction. The walls of the furnaces were apparently built with the mixture of lime, clay and sand. The bottoms of the furnaces are round and flat, about 70 cm in diameter. The furnaces are usually 1 m high; the rims are flared outwards with external diameters of 180 cm. The walls of the furnaces are about 25 cm thick but there is nothing adhered to the walls.
We also found some porcelain fragments dated to the Ming and Qing dynasties at the site.
Discussion
The Dates of the Finds
Dating the finds and sites discussed above is very clear. Literary sources reveal the Luocheng County started smelting zinc no later than Qing dynasty. According to historical records in Qingshilu 5) (the history of the Qing dynasty), the zinc smelting sites in Luocheng County began to smelt in 1758. And in 1760s its zinc production came to flourish.
Scale of Production
Based on the records in Qingshilu, from April 1764 to November 1765, a total of tax on zinc production in Luocheng County was up to more than one hundred and forty-seven thousand Jin (about present-day 590 grams). Each furnace could smelt ore from 120 to 130 Jin per day and produce metallic zinc up to about 20 Jin out of 100 Jin 5) of ore. Therefore we consider that the scale of the zinc production at the site was very huge. But we cannot assess the exact scale of production at the site now. And where did the metallic zinc go? Also from the material in the book of Qingshilu, we know that metallic zinc made in the region was sent to Guangdong Province for casting drum.
5)
Minerals and Fuels
According to historical records in Qingshilu, we know that the minerals used at the site were carried from neighboring Rongxian County by boat on the Wuyang River, and that the fuels used for smelting are local coal. 5) However, the minerals used are still unknown, A peer reviewer assumed the ore was smithsonite, actually Rongxian County was rich in smithsonite according to historical literary sources, but we have not collected any related evidence from the site to date. Thus further research is needed to investigate this aspect of the production process.
Furnaces and Smelting Techniques
Based on the morphology of the rectangular/Macaolu furnaces found at the site, we consider that they were the same type to those found at other ancient and traditional sites in the southwest of China such as Guizhou Province [6] [7] [8] and Chongqing Province [9] [10] [11] (Fig. 11) etc., therefore we can also consider that its smelting techniques were the same zinc distillation technology to that found at the sites in southwestern China. We also found the bowl-shaped furnaces at other ancient sites in the Guangxi Region 12) and in southwestern China (Dr Chen Jianli told me), although it is not clear that what they were used for, they indicate a shared tradition with other sites in the Guangxi Region and southwestern China. A peer reviewer assumed that the circular furnaces ISIJ International, Vol. 54 (2014), No. 5 might be used for calcining the ore prior to smelting. Maybe that opinion is right. In fact, I am not sure what they were used for up to now indeed.
Retorts
Based on the typology of the retorts, some were similar, but a few of differences were also found between southwestern China [9] [10] [11] (Fig. 11) and the Guangxi Region. 12) Those differences can be explained as adaptation of the zinc production for the different social and economic constraints. All those have important implications for understanding technological transmission between southwestern and southern China. A patch of half-disc-like metallic zinc shows that it came from top condenser, though perforated pockets and lids have not been found to date.
Further Questions
We should do further fieldwork survey at the site, and find much more remains such as condensers, pockets and lids in order to identify its smelting process and technological characteristics and so on. We consider that the zinc smelting processes in China are different from India judged from the furnaces and retorts, 13) but their smelting principle is similar, and the date of the zinc smelting in India was far more earlier than that in China, [14] [15] [16] it is rational that we should explore their interactions and exchanges between India and China.
Conclusion
This survey provided a useful starting point for our understanding of zinc distillation technology in southern China in the Qing dynasty. Metallic zinc made in the region was sent to Guangdong Province for casting drum and so on.
This preliminary research demonstrates that the Guangxi Region, southern China had its own zinc smelting industry by the time of the Qing dynasty at the latest, and that the morphology of the rectangular furnaces and the typology of the remains of the retorts indicate a shared tradition with earlier zinc smelting sites in the Guangxi Region, as well as ancient and traditional zinc smelting sites in southwestern China.
